The incidences of schistosomiasis and multiple sclerosis (MS) 
Multiple sclerosis (MS) is a neurodegenerative disease characterized by progressive impairment of mobility, vision, and coordination. The course of disease is variable but can be grouped into several distinct patterns: primary progressive, secondary progressive, and relapsing-remitting (Lycklama a Nijeholt & Barkhof 2003 , Miller 2002 . The immune system mediates the progression of MS, as the myelin sheaths, which insulate the nerve axons, are targeted by myelin-specific T cells and the resulting inflammation ultimately leads to neuronal damage (Ewing & Bernard 1998) .
EAE is the animal model commonly used to study MS (Miller & Shevach 1998 ). Immunization of mice or rats with myelin proteins in the presence of a strong adjuvant leads to the development of self-reactive T cells (Kuchroo & Weiner 1998) . Although the specific myelin proteins/peptides and animal strains used can induce the full range of disease courses as found in human disease, all models share one important feature -the infiltration of autoreactive T cells into the central nervous system (CNS) (Kuchroo & Weiner 1998 tial to the induction of this disease, however it is believed that during the chronic stages CD8 T cells contribute to the CNS pathology (Abdul-Majid et al. 2003) . While IFN-γ does not appear to be critical for the induction of disease (Hjelmstrom et al. 1998) , the IL-12p40 subunit of IL-23 is essential (Cua 2003) . IL-23 is believed to be central in the activation of macrophages, which are required for the initial infiltration of auto-reactive T cells into the CNS (Tran et al. 1998 ). In addition, macrophages mediate significant neuronal damage through the production of reactive oxygen and nitrogen intermediates and other proinflammatory mediators (Hooper et al. 1997 , Kahana 2000 .
Although the cause of MS is not known, both genetic and environmental factors appear to regulate disease induction (Kahana 2000) . Geographically, the frequency of MS in the population is directly correlated to latitude such that countries further away from the Equator (e.g. Northern Europe, Britain, Canada, and New Zealand) have a high frequency while those in the Equatorial area (Africa, South America, and Southeast Asia) have an extremely low frequency (Kurtzke 2000) . In these areas of low frequency, chronic helminth diseases such as schistosomiasis are common. Using the EAE model of MS, recent work has now shown that schistosomiasis can protect against the development of MS (La Flamme et al. 2003) .
SCHISTOSOMIASIS
Schistosomiasis is caused by infection with parasitic worms of the Schistosoma species (Butterworth et al. 1994) . While the worms themselves are not thought to induce significant host pathology, the deposition of eggs in the liver or bladder induces a vigorous granulomatous response (Butterworth et al. 1994) . The response generated to the eggs of S. mansoni is characterized by high levels of Th2 cytokines (IL-4, IL-5, and IL-13) and IgE (Grzych et al. 1991) . Several weeks after the onset of egg deposition and acute production of Th2 cytokines, the chronic stage begins where granulomatous pathology is down modu-lated and the IL-10 production is enhanced (Grzych et al. 1991) . Because of the chronicity and high global prevalence of schistosomiasis, several groups have investigated the interaction of this chronic parasitic infection with other diseases both infectious and non-infectious (Cooke et al. 1999 , Araujo et al. 2000 , La Flamme et al. 2002 , Sewell et al. 2003 . In addition to preventing EAE, schistosomiasis has also been shown to inhibit the induction of other non-infectious diseases such as insulin dependent diabetes mellitus (Cooke et al. 1999) . Studies are now underway to determine the mechanism behind this disease suppression.
PROTECTION AGAINST THE INDUCTION OF EAE BY SCHISTOSOMIASIS
Schistosomiasis protected against the induction of EAE by delaying the induction of disease significantly and by reducing the overall incidence of disease (Table I ) (La Flamme et al. 2003) . Although the onset is delayed in infected mice that developed EAE, the peak disease score is similar to uninfected mice with EAE suggesting that the protective effect of schistosomiasis may be primarily at the induction stage. In addition to live infection with S. mansoni, a recent study has shown that injection of a high number of the eggs alone has a similar effect on the course of EAE and that protection is only evident when the eggs are injected before disease onset (Sewell et al. 2003) . Together these studies indicate that schistosomiasis protects against the induction of EAE and that egginduced responses alone can mediate this protection.
REDUCTION IN SELF-REACTIVE TH1 RESPONSES
As EAE is mediated by myelin protein-specific Th1 responses, the effect of schistosome infection on these responses was investigated. Real time PCR analysis of spinal cord transcripts and myelin peptide-specific T cell responses in the spleen showed a similar reduction in IFN-γ and other pro-inflammatory mediators (IL-12p40, TNF-α, and NO), but no difference in the levels of IL-10 was observed (La Flamme et al. 2003) . In addition, while low levels of IL-4 were produced by antigen-stimulated splenocytes from uninfected mice with EAE, no IL-4 was produced by myelin peptide-stimulated splenocytes from S. mansoni-infected mice with EAE (La Flamme et al. 2003) . Despite the absence of antigen-specific Th2 responses in infected mice with or without disease, polyclonal stimulation of splenocytes induced enhanced Th2 cytokine production compared to uninfected mice with or without EAE (Fig. 1) . Interestingly, immunization with adjuvant alone appeared to enhance Th2 cytokine responses in infected mice (Fig. 1) , and this increase was also evident in the serum of these mice (La Flamme et al. 2003) . The detection of Th2 cytokines in the serum of infected mice suggests that this systemic Th2 environment could be mediating the protection afforded by schistosome infection. Indeed, Sewell et al. (2003) showed that the protective effect of schistosome egg injection is abolished in STAT-6-/-mice, which cannot develop Th2 responses, and this finding supports our conclusion.
ALTERED CNS INFLAMMATION AND ENHANCED RE-SOLUTION
The induction of EAE is dependent upon the infiltration of autoreactive T cells into the CNS. The delay in the onset of disease by schistosomiasis correlates to an absence of lesion development in the CNS. While the development of disease in schistosome infected mice correlates to the infiltration of inflammatory cells in the CNS, the composition of these infiltrates is significantly differ- Shown are the results from 1 of 3 similar experiments except incidence, which has been calculated from 3 experiments; a: p < 0.03, MC vs SMC incidence; paired t test from 3 experiments; b: p < 0.03, MC vs SMC ent from uninfected mice with EAE. At peak disease, the number of infiltrating macrophages is significantly reduced as detected by F4/80 immunohistochemical staining (La Flamme et al. 2003) and by Mac-1 high /CD45 high expression analysis by flow cytometry (Table II) . In contrast, CD4 T cell infiltration was similar at peak disease (Table  II) . However, by 6 weeks after the induction of EAE, there was a marked reduction in CNS inflammation in the schistosome infected mice that developed EAE compared to uninfected mice with EAE (La Flamme et al. 2003) . This reduction included CD4 T cells, CD8 T cells, macrophages, and neutrophils but not microglial cells (La Flamme et al. 2003) . These results suggest that in addition to delaying the onset of disease, schistosomiasis may also accelerate the resolution of CNS inflammation.
MECHANISM OF PROTECTION
The protection afforded by schistosomiasis may be mediated by several potential mechanisms, which include but are not limited to: inhibition of autoreactive T cell induction, the counter-regulation of self-reactive Th1 responses by Th2 cytokines, and alteration in the cellular activation required to allow auto-reactive T cells to breach the blood-brain barrier. Our results demonstrate that MOGspecific T cells do develop as evidenced by the production of MOG-specific IL-10 and IFN-γ (albeit at low levels) (La Flamme et al. 2003) . Because the systemic environment contains high levels of circulating Th2 cytokines, it is possible that these cytokines may be playing a counterregulatory role in Th1 development and associated effector functions. This conclusion is strongly supported by the work of Sewell et al. (2003) , who demonstrated that schistosome egg-mediated protection is dependent upon STAT-6 and thus Th2 response induction. This requirement for Th2 responses in protection against EAE cannot be directly assessed during live schistosome infection as schistosome-infected mice suffer a severe and fatal disease in the absence of Th2 responses (Brunet et al. 1997) . Previous work in EAE supports the protective effect of Th2 responses and in particular IL-4 during EAE, since treatment of mice with IL-4 can significantly reduce the severity of EAE (Shaw et al. 1997) . Additionally, the IL-4 expression in the CNS correlates with disease recovery and remission from relapsing episodes (Begolka et al. 1998) . Moreover, IL-4 can directly reduce the ability of encephalogenic Th1 cells to induce disease (van der Veen & Stohlman 1993).
Other immune-mediated diseases can be altered by schistosome infection. Recent work has demonstrated that the onset of diabetes in NOD mice can be inhibited by schistosome infection or the injection of schistosome eggs or antigens before the onset of disease (Cooke et al. 1999 , Zaccone et al. 2003 . The authors concluded that alterations in the innate immune responses after exposure to schistosome antigens led to the protection against autoimmune disease induction. Specifically, Zaconne et al. (2003) demonstrated that bone marrow dendritic cells exposed to schistosome antigens in the presence of lipopolysaccharide induced the production of IL-10 and reduced IL-12 production. In a similar manner, we have found that IFN-γ-stimulated bone marrow-derived macrophages produce more IL-10 and less IL-12p40 after stimulation with LPS in the presence of schistosome egg antigens (Fig. 2) . In light of the fact that activated macrophages and IL-12p40 are essential for the induction of EAE, these results suggest that schistosomiasis may be inhibiting the onset of EAE by altering macrophage activation to reflect a more anti-inflammatory nature. Whether this protection is mediated solely by macrophages or by other cells of the innate immune system as shown by Zaccone et al. (2003) remains to be determined. 
CONCLUSION
Current research has shown that schistosomiasis can offer protection against the development of several noninfectious immune-mediated diseases (La Flamme et al. 2003 , Zaccone et al. 2003 . While the precise mechanism behind this protection is not known and may differ with specific diseases, it is clear that alterations in innate immune responses and in the development or regulation of acquired immune responses play critical roles in the suppression of immune mediated diseases by schistosome infection. Furthermore, as studies have demonstrated that exposure to specific components of schistosomes (eggs and egg or worm antigens) can offer protection, it is possible that by understanding the precise mechanism by which these components inhibit disease a greater understanding of how immune-mediated diseases like MS or diabetes can be inhibited will be gained.
